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Abstract : The pattern evolution and dynamic mechanism of the dynamic changes of regional gravity fields oc-
curring before and after the Wenchuan Ms8. 0 earthquake are analyzed, based on five epochs of 1998 -2007 
mobile gravity data from the middle-south section of the north-south seismic belt, and two epochs of field re-
search data collected after the 2008 Wenchuan earthquake in combination with GPS data, leveling observa-
tions , and geotectonic environment data. The regional dynamic gravity changes demonstrate the effects of the 
eastward flow of solid matter in the Qinghai-Tibetan plateau and the preparation of the 2008 Wenchuan earth-
quake ( 2 - 10 yr) . The two most meaningful gravity indicators of the W enchuan earthquake preparation are 
the positive ( increasing) gravity changes occurring over many years in the southwest epicenter and the large-
scale gradient zone of gravity variation , with the cumulative difference between the two sides of the gradient 
zone of gravity exceeding 200 !J.Gal. The positive gravity changes may facilitate a constant energy accumulation 
and the gradient belt may support seismic shear breakage. Overall, the gravity changes associated with the 
earthquake preparation indicate a pattern of accelerating increase-decelerating increase-earthquake occurrence. 
The Songpan-Ganzi block generally displays a negative gravity change, providing evidence for a local upwarp-
ing of the deep crust-mantle and an interior expansion of the deep crust attributable to high temperatures. The 
viewpoint is consistent with the dilatant mechanism for earthquake preparation. 
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1 Introduction 
At 14:28 (Beijing time) on 12 May 2008, an Ms8. 0 
earthquake struck Yingxiu town, Wenchuan Connty in 
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the Sichuan province of China, causing numerous 
casualties and extensive property damage. It was the 
most devastating earthquake occurring on the Chinese 
mainland since the 1976 Tangshan earthquake. The 
Wenchuan earthquake occurred in the nappe tectonic 
belt of the Longmen Mountains ( the Longmen Moun-
tain earthquake belt) on the eastern Qinghai-Tibetan 
plateau. The nappe tectonic belt is the secondary 
earthquake belt in the middle of the most active north-
south seismic belt in China. Field investigations and 
analyses of the breakage process [ 1 - Jl have demonstra-
ted that the causative faults are essentially thrust faults 
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with a small right-lateral strike-slip component, rupture 
length of more than 300 km, rupture duration excee-
ding 90 s , maximum vertical ground displacement of 
up to 6. 2 m and maximum right-lateral strike-slip dis-
placement of up to 4. 9 m. 
The earthquake preparation process is characterized 
by a gradual accumulation of crustal strain energy over 
a long period , which is released quickly during the 
earthquake. The accumulation and release of crustal 
strain energy is always closely related to the tectonic 
movements in the region. Because tectonic movements 
can give rise to gravity changes over time , gravity 
measurement is an important tool in earthquake monito-
ring. The tectonic movements deform the earth ' s crust 
and change the density of the medium, and the deform-
ation of the earth also changes the locations of the 
ground observation points , resulting in observed sur-
face gravity variations[•.sJ. When the earthquake hap-
pened, the gravity field around the epicenter may he 
changed['-"l. Seismic source activity models explai-
ning the gravity changes before and after earthquake in-
clude the deformation and mass migration model[lll, 
dilatancy model['4l, dislocation model["], and cou-
pled movement model[4 '5 ' 16l. 
Ground gravity observations can also reveal informa-
tion regarding the time evolution of the earthquake 
preparation. For instance , the gravity observations be-
fore and after the Tangshan earthquake displayed a dis-
tinct increase-decrease-earthquake occurrence-recover-
y[121 sequence, indicating that the gravity changes re-
flect the preparation , occurrence and recovery of the 
earthquake. Precursor information could potentially he 
obtained during the earthquake preparation via a thor-
ough analysis of the relation between the dynamic grav-
ity changes and the physical processes occurring at the 
hypocenter; such precursor information has been a goal 
of seismologists for many years. 
Mobile ( dynamic ) gravity measurements in China 
were begun in the 1960s after the Xingtai earthquake 
and were rapidly developed during the 1980s and 
1990s [ "l , particularly in the areas of relative gravity 
connection measurements and earthquake monitoring 
and testing in the strong earthquake region. The Crus-
tal Movement Observation Network of China and Digital 
Earthquake Observation Network of China formed a dy-
namic gravity network [ 181 across mainland China and 
became the first to perform quasi -synchronous measure-
ments of the absolute and relative gravity beginning in 
the late 1990s. To date, the Crustal Movement Obser-
vation Network of China (abbreviated as the Crustal 
Gravity Network or CGN) has completed four epochs of 
dynamic gravity observations ( 1998 , 2000 , 2002 , 
2005) and the Digital Earthquake Observation Network 
of China (abbreviated as the Digital Gravity Network or 
DGN) has completed one epoch of dynamic gravity ob-
servations ( 2007 ) . Three epochs of post-earthquake 
regional dynamic gravity observation data ( May 2008 , 
June 2008 , and August 2008) were also obtained in a 
half-year investigation of the dynamic relative gravity, 
absolute gravity, and station gravity in and near the 
Wenchuan region was conducted by the First Monito-
ring Center and Second Monitoring Center in coordina-
tion with the Institute of Seismology of the China Earth-
quake Administration following the occurrence of the 
Wenchuan earthquake. 
These valuable gravity observation data can be used 
to analyze the preparation and occurrence of the Wen-
chuan earthquake. A study of the regional dynamic 
gravity changes in the middle-south section of the 
north -south seismic belt based on these observational 
dats is presented in this paper. The study was under-
taken to analyze the possible generation mechanisms for 
the dynamic gravity changes occurring before and after 
the earthquake as well as the precursor features. The 
combination of deep and shallow tectonic activity in the 
preparation and occurrence of the Wenchuan earth-
quake provides an opportunity for highly effective gravi-
ty observations, which are essential for future earth-
quake forecasting. 
2 Pattern features of regional dy-
namic gravity changes before and af-
ter earthquakes 
2. 1 Gravity observation data and processing 
This study focused on the middle-southern section of 
the north-south seismic belt (96 -ll0°E and 22-37° 
N) , the same region used for the gravity connection 
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measurements m the scientific investigation following 
the Wenchuan earthquake. The dynamic gravity obser-
vation network is presented in Figure 1 , including part 
of the dynamic gravity network of mainland China 
( CGN and DGN ) and the regional dynamic gravity 
network for scientific investigation after the W enchuan 
earthquake (briefly named the gravity network for sci-
entific investigation or GNSI). The first epoch of post-
seismic observation was excluded because of its small 
measurement scope. 
Figure 1 Sketch of the regional dynamic gravity network 
An absolute gravimeter ( FG5 ; Micro-g LaCoste , 
Inc. , USA) was used to measure all of the absolute 
gravity data. At least 24 sets of measurements were 
conducted at each observation point, with each meas-
urement set consisting of 100 drops. The absolute gravity 
at the meter level was determined , the vertical gradient 
correction was performed simultaneously, and then the 
absolute gravity value was determined for the corre-
sponding point on the ground. The post-seismic abso-
lute gravity measurement involves 39 points in all. An 
LCR -G gravimeter ( Lacoste & Romberg Co. , USA) 
was used for most of the regional relative gravity meas-
urements , and a CG-5 relative gravity meter was used 
in a portion of the area for the digital network and post-
seismic gravity measurements. Each team used three 
gravimeters to perform round trip measurements simul-
taneously and recorded the relative gravity data at all 
network points. 
Weak data adjustment, using the absolute gravity as 
a control, was performed on each epoch of relative 
gravity measurements based on the dynamic gravity ob-
servations from the Chinese mainland areas and the sci-
entific investigation data obtained after the W enchuan 
earthquake. The results of the absolute gravity observa-
tions were determined with an accuracy of 5 !J.Gal, and 
the relative gravity observations were determined using 
an iterative procedure based on the measurements from 
the different gravimeters. The 2 - 3 year scale of the 
dynamic gravity changes before the earthquake ( in 
1998 - 2007 ) and the short-term dynamic gravity 
changes after the earthquake were obtained with the 
dynamic gravity data, when the related dynamic gravity 
data of the epoch were calculated under the control of 
absolute gravity, according to the gravimetric scale val-
ue transformation parameters[tBJ for each epoch. The 
results indicate a point value accuracy for each epoch 
of 10 -16 !J.Gal. The point value accuracy of the gravi-
ty change between any two stages was approximately 20 
!J.Gal. The network spots and observational precision of 
the regional dynamic gravity are presented in table 1. 
Table 1 Network spots and observational precision of the regional dynamic gravity 
Network 
name 
CGN 
DGN 
GNSI 
Epoch 
1 
2 
3 
4 
1 
1 
2 
Data 
(Year, month) Datum 
1998 5 
2000 5 
2002 5 
2005 5 
2007 5 
2008.06 7 
2008.08 8 
Measurement spot number Sector Mean combined 
number precision Basic Other Sum (~J.Gal) 
16 124 145 151 17.5 
16 124 145 151 18.6 
16 124 145 151 13.0 
16 124 145 151 18.7 
16 99 120 125 14.4 
14 66 87 96 14.5 
14 116 138 141 14.9 
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2. 2 Pattern features of the dynamic difference 
changes of gravity fields 
The regional gravity changes display a decreasing 
(negative change) -increasing (positive change) -de-
creasing-increasing pattern from west to northeast dur-
ing the period of 1998 - 2000 ( Fig. 2). The north 
zone ( Tianshui-Lanzhou line) displays small positive 
changes ( 0 - 20 fLGal) , while negative changes were 
detected in the middle area including the Longmenshan 
fault zone. Distinct negative gravity areas appear in the 
east -west direction on the two sides of the Longmen-
shan fault zone ( the anomalous negative change rea-
ches -120 fLGal in the west and -100 fLGal in the 
east) . A low negative change ( exceeding - 40 fLGal) 
occurs in the middle and south area ( near Zhaotong 
city and Xichang city) . A local small positive change 
was observed in the eastern and southern areas. The 
southern area ( especially the southwestern area) dis-
plays primarily negative gravity changes ( -40-
- 120 fLGal). The large negative gravity changes in 
the western part of the Longmenshan fault zone indicate 
significant mass loss in the nnderground medium, 
which may be related to the preparation of the 2001 
west Kunlun Mountain Ms8. 1 earthquake. The enor-
mous Kunlun hypocenter most likely plays a role in the 
final stage of the energy accumulation. The closed hy-
pocenter could cause a sudden reduction in the motion 
of the eastward matter flow of the Bayankala block, 
while the underground matter continues flowing south-
east owing to inertia and the hysteresis effect of the 
north area of the rhomboidal Sichuan-Yunnan block 
and nearby areas. An imbalance could thereby arise 
between the eastward influx of matter ( filling) and the 
northeastward outflow (with the loss exceeding the sup-
ply) . The constant and rapid uplift of the ground is 
certainly one reason for the imbalance[ 19 •20 l. 
The positive gravity changes that dominated between 
2000 and 2002 were large in the north and south and 
low in the middle areas, and were substantially affect-
ed by the 2001 west Kunlun Mountain Ms8. 1 earth-
quake. The north zone ( Tianshui-Lanzhou line ) dis-
played low negative changes ( 0 - 40 ILGal ) , while 
positive changes were found in the middle and south 
areas including the Longmenshan fault zone ( 0 -
120 ILGal). From west to east, the larger positive 
changes in the middle and west area were predominant-
ly directed from east -southeast and rotated southeast in 
the Longmenshan fault zone. The dominant changes 
passed through the fault zone and were clearly affected 
by the fault zone and the obstruction of the Sichuan 
Basin on the east side. This state of matter movement 
may have facilitated the development of the nappe tec-
tonics and the energy accumulation and focalization for 
earthquake preparation in the Longmen Mountain re-
gion. A low negative change ( generally less than 
40 fLGal) occurred in the south area ( near Zhao tong 
city and Xichang city). A local negative change was 
observed in the Xichang-Zhongdian area, and a local 
positive change was observed in the Hanzhong area. 
The occurrence of the west Kunlun Mountain Ms8. 1 
earthquake reioforced the eastward movement of matter 
in the Bayankala block. Large amounts of matter were 
accumulated in the middle of the study region, which 
may explain the remarkable reinforcement of the 
regional gravity field. 
The regional gravity changes occurring between 2002 
and 2005 constituted a pattern that was low in the mid-
dle and high in the south and north, tending to display 
a recovery process in the opposite direction. Small pos-
itive gravity changes ( 0 - 20 fLGal ) occurred in the 
north area ( Guyuan-Lanzhou-Gonghe line) , while a 
negative change of concave shape ( 0 - 80 ILGal) oc-
curred across the middle , west middle , and southeast 
area including the Longmenshan fault zone. The large 
negative change ( -40 - 100 ILGal) in the middle 
across the Longmenshan fault zone represented the 
dominant south-southeast direction and differentiation 
of the local negative gravity change along the two sides 
of the Longmenshan fault zone, demonstrating the insu-
lation action of Longmenshan fault zone. A small nega-
tive change ( 0 - 80 ILGal) was detected in the middle 
and southwest area ( southwestern Kangding-Xichang-
Chuxiong-Lincang line) , with a predominant strike di-
rection of south-southeast and then northeast. The ad-
justment and recovery of the 2001 west Kunlun Moun-
tain Ms8. 1 earthquake weakened the eastward flow of 
matter in the Bayankala block. The weakness of the 
movement, together with the regional equilibrium and 
elastic recovery, led to the converse development of the 
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Figure 2 Dynamic difference changes in the gravity fields before and after the Wenchuan Ms8. 0 
earthquake ( units : JJ.Gal) . The red solid circles represent earthquakes of 
M s ;;a: 6. 0 occurring between 12 May 2008 and 10 Aug. 2009 , as in the plot below 
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regional gravity field. 
On the whole , the regional gravity changes between 
2005 and 2007 maintained the pattern of low values in 
the middle and high values in the south and north. 
Note that the positive gravity change in the middle area 
ran along the south-north direction and that the nega-
tive change in the west and east areas moved and con-
tracted eastward or developed southwestward. A posi-
tive change ( 0 - 80 fLGal) was detected in the north 
area ( Guyuan-Lanzhou-Gonghe line). The size and 
scope of the gravity changes near Lanzhou-Dingxi in-
creased appreciahly or moved south. The change was 
large ( 0 - 20 fLGal) in the middle ( Minshan-Maer-
kang) and small in the west and east. The change in 
the west was 0 - 20 fLGal, and that in the east was 0 -
60 fLGal. The Longmenshan fault wne lies in a transi-
tion region between positive and negative changes, re-
flecting the obstruction and matter accumulation effects 
of the northwest block of the Longmenshan fault zone. 
The positive change in the middle and southeast ( 0 -
60 fLGal) moved eastward (to the Kangding-Yibin-
Guiyang-Nanning line) , crossing the eastern border of 
the rhomboidal Sichuan-Yunnan block with a dominant 
southeast direction. Local anomalous changes ( not less 
than + 40 fLGal) appeared in the Kangding and south 
Yibin. Large negative changes occurred ( 0-
100 fLGal) in the middle west and southwest area in 
connection with the negative change in the northwest 
area; these negative changes , as well as the Qujing lo-
cal negative change, are divided by the positive change 
along the Chuxiong-Xi chang line. 
The regional gravity changes during June 2007 -
2008 were, on the whole, low in the middle and high 
in the south and north, indicating an overlapping of co-
seismic and short-term post-seismic effects and regional 
crustal background movement. The negative change in 
the middle region ( 20 - 80 fLGal) ran along the south-
north direction. The large local negative change in the 
Songpan-Ganzi block may be related to the northeast-
ward movement of material caused by thrust nappe up-
warping and right-lateral strike-slip movements during 
earthquakes. The Wenchuan earthquake obstructed the 
south-south-east movement of the rhomboidal Sichuan-
Yunnan block , which may have caused the negative 
change in the south epicenter. The influence of the 
Wenchuan earthquake on the neighboring area extend-
ed northward to the area of connection between the 
Gansu, Qinghai, and Sichuan provinces (the Tongren 
area) and southward to the south Simao in the Yunnan 
province. The Wenchuan earthquake had an important 
effect on the south seismic area in the short run. The 
Panzhihua Ms6. 1 earthquake ( August 30 ) subse-
quently estahlished the influence. The lower positive 
changes in the east and west area may reflect the con-
verse recovery of the crustal movement. 
The regional gravity changes between June and Au-
gust 2008 generally increased in the east and decreased 
in the west, indicative of the short-term converse re-
covery following the Wenchuan earthquake. The previ-
ous south-north zone of anomalous negative change 
moved west and contracted into the center, forming a 
large area of negative change in the middle west ( 0 -
120 fLGal) . However, the changes in the east and 
south increased markedly and formed vast areas of pos-
itive gravity changes. In addition, a local large positive 
anomalous change occurred south and north of the hy-
pocenter rupture zone. 
2. 3 Pattern features in the accumulated dynamic 
change of the gravity field 
The 1998 - 2000 data indicated that the Wenchuan 
earthquake preparation region was located in the transi-
tion zone of negative gravity changes differentiated in 
the east and west. 
The regional gravity changes in 1998 - 2002 were 
high in the south and low in the north ( increasing in 
the south and decreasing in the north) (Fig. 3). The 
gravity changes in the north were generally negative 
( 0 - 60 fLGal ) ( with the exception of the Tianshui-
Xifeng area, where a local small positive change ( 0 -
20 fLGal) was found) , indicating a constant decrease 
in the gravity. There were alternating upward and 
downward changes in the middle and south. The north-
south positive changes on the western edge ( Yushu-
Xichang and south of Yushu-Xichang) were associated 
with north-northeast positive changes in the middle 
(northern Chengdu-Xichang-Chuxiong-Simao) near the 
Dali-Lijiang region, forming a large area of positive 
changes ( 0 -80 fLGal). The local north-south negative 
changes ( 0 -40 fLGal) in west Kangding were connected 
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Figure 3 Accumulated dynamic changes of the gravity field before and after the 
W enchuan M s8. 0 earthquake ( units : J.LGal) 
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with the negative gravity changes in the north. A large 
area of north-northeast negative changes ( 0 -
80 f.LGal) (with the exception of Liuzhou, which dis-
played a local positive change) was observed east of 
the western area of positive changes. In particular, 
the gravity changes in the Maerkang-Yushu region , 
west of the preparation area of the Wenchuan earth-
quake , increased dramatically. The regional gravity 
changes demonstrate that the preparation and occur-
rence of the west Kunlun Mountain M s8. 1 earthquake 
changed the regional gravity field dramatically ( in 
terms of the difference dynamic change) , but did not 
alter the overall trend in the regional gravity change. 
The subsequent dynamic change of the accumulated 
gravity field supports the view expressed above. The 
preparation area for the W enchuan earthquake was lo-
cated in the north of the middle region with positive 
changes. 
The regional gravity changes in 1998 - 2005 were 
high on the two edges and low in the middle along 
the northeast direction. The gravity change in the 
northeast was small and positive ( 0 - 20 f.LGal) . A 
positive gravity change ( 0 - 100 f.LGal) was detec-
ted in the vast southwest ( Kangding-Xichang-Dali-
Simao) , with an arc-shaped isocline ( from north-
west to southwest) in the Kangding-Xichang-Dali re-
gwn. A negative change ( 0 - 120 f.LGal) ran 
through the entire study region in the middle, with 
an isoline curving gradually from northwest in the 
north ( Gonghe-Guangyuan-Daxian) to north-south 
in the south ( Daxian-Chongqing-Guiyang-Baise). A 
smaller local change ( less than-60 f.LGal, slighdy 
lower in the west) was highlighted on both sides of 
the Longrnenshan fault zone. An important charac-
teristic of the gravity field was that the preparation 
area of the Wenchuan earthquake was located in the 
northwest gradient zone from a positive change to a 
negative change ( - 60 - + 40 f.LGal, over 510 km 
long, approximately 180 -250 km wide, with a gra-
dient of 0. 4 - 0. 5 f.LGal/km) . 
The gravity changes between 2007 and 1998 resem-
bled those between 1998 and 2005 ; however, the two 
stages exhibited some differences. The positive gravity 
changes in the north region increased markedly ( 0 -
60 f.LGal) and expanded westward dramatically, also 
moving slighdy southward. The positive gravity chan-
ges in the vast middle and southwest were still mutual-
ly connected and were reinforced slighdy ( 0 -
140 f.LGal) ; the larger increase in gravity changes oc-
curred in the southeast ( maximum approximately 
+ 60 f.LGal). Three local anomalous positive changes 
(of greater than + 80 f.LGal) were identified in Kang-
ding and Xichang. The negative changes ( 0 -
140 f.LGal) in the middle region continued to develop 
and displayed a trend of enclosing the positive chan-
ges. The negative changes in the Changdu-Zhongdian 
area were reinforced. The southeast negative changes 
across the Longmenshan fault zone remained different 
and developed conversely along the two sides of the 
fault zone. The changes on the northwest side in-
creased slighdy ( 0 - 100 f.LGal) , while the changes 
on the southeast side continued to drop ( 0 -
140 f.LGal) and expanded northeast into the local a-
nomalous negative changes ( less than - 80 f.LGal) . 
The northwest gradient zone of the positive-negative 
transition in the preparation area of the W enchuan 
earthquake was reinforced slighdy ( - 60 -
+60 f.LGal, over 620 km long, approximately 150-
260 km wide , with a gradient of 0. 45 - 0. 80 f.LGal/ 
km). 
The gravity changes occurring in 1998-June of2008 
resembled those occurring in 1998 -2007, with some 
apparent differences between the two stages. The posi-
tive gravity changes in the north ( 0 - 60 f.LGal) clear-
ly contracted toward the Xining-Lsnzhou -Guyuan re-
gion. The positive changes in the vast middle and 
southwest were divided by the negative changes in the 
west Yunnan province. The northwest positive chan-
ges ( 0 - 140 f.LGal) in the middle were distinguished 
by north -south anomalous positive changes ( over 
+ 20 f.LGal) . In other words, the changes were dif-
ferentiated along the Longrnenshan fault zone south-
west extension line , reflecting the influence of the 
rupture motion of the Wenchuan earthquake. The neg-
ative changes (O -180 f.LGal) were mutually connect-
ed and enclosed the positive changes in the middle. 
The negative changes in the Changdu -Zhongdian re-
mained. The southeast negative changes across the 
Longrnenshan fault zone remained different. The grav-
ity in the northwest side clearly dropped, perhaps in-
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dicating the thrust nappe and uplift of the hanging wall 
of causative tectonics. The gravity on the southeast 
side also dropped , possibly indicating a relation to the 
southwest movement of footwall by the dextral shear of 
causative tectonics. The northwest gradient zone of the 
positive-negative transition in the preparation area of 
the Wenchuan earthquake was reinforced slightly 
( - 100 - 0 11-Gal, over 700 km long, approximately 
68 - 240 km wide, with a gradient of 0. 42 -
1. 4 7 11-Gal/km) . 
The gravity changes occurring in 1998-August of 
2008 resembled those occurring during June of 1998 -
2008 , with some differences still evident between the 
two stages. The positive gravity changes in the north 
( 0 - 100 11-Gal) were reinforced slightly and expanded 
eastward and southward. The positive gravity changes 
in the vast middle and southwest began to connect a-
gain in the west Yunnan province. Northwest positive 
gravity changes occurred in the middle ( 0 -
240 11-Gal). The local positive anomaly in the north-
west middle disappeared, and that in the southeastern 
middle was reinforced dramatically ( 80 - 240 11-Gal) , 
indicating that the crustal matter moved southeastward 
considerably and extended to the southeast area of 
positive gravity changes. The negative changes are di-
vided into two parts by the positive changes in the 
middle occurring along the Panzhihua-Kunming line 
and the Luzhou-Zunyi-Tongren line. Local small neg-
ative changes occurred in the southwest, while vast 
negative changes formed in the north. The gravity in 
the western portion dropped dramatically, forming the 
north-south anomalous change zone ( exceeding 
- 60 11-Gal) . The southeast negative changes across 
the Longmenshan fault zone increased markedly ( 0 -
60 11-Gal) , indicating the adjustment and recovery of 
the region after the earthquake. Depth effects may be 
responsible for the slight difference along the two sides 
of the fault zone. The northwest gradient zone of the 
positive-negative transition in the epicenter of the 
W enchuan earthquake was clearly diminished 
( - 40 - + 20 11-Gal, more than 600 km long, ap-
proximately 60 - 170 km wide, with a gradient of 
0. 35 - 1. 0 11-Gal/km) . 
3 The mechanism of gravity change 
before and after an earthquake 
3. 1 Tectonic dynamics during the Wenchuan 
Ms8. 0 earthquake preparation 
The Longmenshan tectonic zone consists of a series of 
approximately parallel imbricate thrust belts, compri-
sing a typical thrust nappe structure. The Longmen-
shan tectonic zone includes the Wenchuan-Maowen 
fault, Beichuan fault, Pengguang fault , and Dayi fault 
going from west to east, among others[2 '211 • The Long-
menshan nappe tectonics were developed by the south-
east extrusion induced by the northeast-southwest con-
traction in the northwest Songpan-Ganzi fold belts. The 
nappe action expanded gradually from northwest to 
southeast. The Longmenshan fault zone evolved gradu-
ally from a normal fault to a dominating thrust fault ex-
hibiting moderate activity. Seismic geology and GPS 
data indicate that the Longmenshan fault zone was not 
active before the Wenchuan earthquake, with a sliding 
velocity of the entire Longmenshan fault zone of less 
than 3 mm1 a and individual fracture sliding velocities 
of less than 2 mml a["i before the earthquake. The 
earthquake history of the fault zone shows that the seis-
mic activity of the Longmenshan fault zone was not 
high, with only three Ms6 - 6. 5 earthquakes recorded. 
The 1657 Ms6. 5 earthquake in the Houshan fault and 
north Wenchuan was the strongest earthquake recorded 
before the Wenchuan earthquake. 
Many researchers have focused on the deep tectonic 
dynamics and preparation mechanisms of the Wen-
chuan earthquake[2 •23 •241 • In terms of large-scale tec-
tonic dynamics, the Qinghai-Tibetan Plateau was crea-
ted by the collision or convergence of the Indian Ocean 
Plate and Eurasian Plate. The Qinghai-Tibetan Plateau 
is constantly being uplifted as the northward movement 
and intrusion continue, thickening the crust and short-
ening the north-south distance. The plateau matter ten-
ded to expand because of the intrusion and gravity but 
was obstructed by the rigid blocks surrounding the plat-
eau, which caused a lateral outflow of plateau matter 
and created large strike-slip shear zones['·" _,.J. The 
local extruded nappe belts and foreland basin system, 
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including the Longmenshan nappe belt ( bounded by 
the Bayankala block of the east Qinghai-Tibetan Plat-
eau and the South China block) ['l , was formed along 
the east edge of the Qinghai-Tibetan Plateau because 
the eastward movement of plateau matter was obstruc-
ted by highly rigid blocks such as the Eerduosi of the 
North China block and Sichuan Basin of the South Chi-
na block. The deep tectonics along the two sides of the 
Longmenshan zone reveal a major difference in their 
crustal structures. The depth of the Moho interlace be-
low the Longmenshan fault zone is 20 km shallower 
than its depth below the eastern Qinghai-Tibetan Plat-
eau, approximately 5 km shallower than that below the 
Xianshuihe fault zone , and 6 - 10 km deeper than that 
below the Sichuan Basin. The crust of Songpan-Ganzi 
block was clearly uplifted [2Jl. The lower crust can eas-
ily intrude upward because of the low-speed anomalous 
body below the hypocenter["]. The eastward intrusion 
of Qinghai-Tibetan Plateau and upper man de upwelling 
of the Songpan-Ganzi block caused the rapid upwarping 
of the Songpan-Ganzi block["l. The Sichuan Basin did 
not subduct in the westward direction. The Songpan-
Ganzi block may contain a larger reserve of strain ener-
gy owing to the obstruction of the rigid crust caused by 
the Sichuan Basin. The upper crust and lower crust 
were decoupled along the upper boundary of the low-
speed layer. Consequendy, the spade-shape thrust 
nappe structure of the upper crust was formed near the 
Longmenshan fault wne[ 29 l. The low-speed layer of 
lower crust in the Songpan-Ganzi block may have facil-
itated the decomposition of the upper and middle crust. 
The high-density blocks of the Sichuan Basin obstruc-
ted the lower crust of the east Qinghai-Tibetan Plateau, 
preventing the flow into the bottom of the Sichuan Ba-
sin. The eastward movement of the middle and upper 
crusts was obstructed by the rigid Yangzi block[30l. 
The Longmenshan orogenic belt is located in the high 
gradient zone of a Bouguer gravity anomaly; a differ-
ence in density is apparent between the deep medium 
and shallow medium ( high in the Sichuan Basin and 
low in Songpan-Ganzi block) , which indicates that the 
lower crust and mande were decoupled from the middle 
and upper crust by force during their movement[n,n]. 
These findings provide important clues regarding the 
origin and mechanisms of the Wenchuan earthquake. 
Crust movements may include both earthquake prep-
aration and earthquake incidence. The various stages 
of large earthquake preparation are expected to display 
different features[ 12 ' 161 • Some studies have indicated 
that the Longmenshan fault wne was locked before the 
Wenchuan earthquake , based on vertical ground move-
ments[19'201 and horizontal movements[ 321 before the 
Wenchuan earthquake. However, there is a lack of de-
cisive information on the various stages of earthquake 
preparation and the short-term precursor to the earth-
quake. Consequendy, analysis of the regional dynamic 
gravity changes and characteristics during various sta-
ges of the Wenchuan earthquake preparation , based on 
the causative structure and regional crustal dynamics, 
is expected to play an important role in elucidating the 
preparation mechanism of the Wencbuan earthquake 
and forecasts of future earthquakes. 
3. 2 The influence of ground deformation on the 
gravity changes 
Generally, ground subsidence or an increase in the a-
mount of underground matter ( density increase) causes 
positive gravity changes , while ground uplift or a de-
crease in the amount of underground matter ( density 
decrease) induces negative gravity changes. The dy-
namic gravity changes presented in figure 2 and figure 
3 reflect basic information on the recent dynamics of 
the regional crust matter ( including earthquake 
motion). 
The influence of ground deformation motion on 
ground gravity must be analyzed to understand the rela-
tion between deep matter motion and the gravity meas-
ured at ground level. Generally, vertical ground motion 
has a direct effect on the ground gravity change. A 
1-cm uplift ( subsidence) may induce a drop ( in-
crease) of approximately 3. 086 ..,.Gal in the gravity. 
Leveling observations are presendy used to obtain high-
accuracy assessments of the vertical ground motion. 
However, leveling observations are time-consuming and 
cannot be synchronized with gravity observations. They 
are therefore useful ouly for rough estimation of the in-
fluence of vertical ground motions on the gravity 
changes. 
The first vertical crustal deformation rate map of Chi-
na["·"] (based on data from 1951 -1982) showed that 
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the vertical deformation rate in the region nnder study 
was typically -4. 0 - + 4. 0 mm/ a, equivalent to 
± 1. 2 1'-Gal/ a gravity changes. The West Sichuan 
plateau fell by 3. 0-4.0 mm/ a compared to the Si-
chuan basin , inconsistent with the inherited uplift tec-
togenesis along the east edge of Qinghai-Tibetan plat-
eau since the late Cenozoic. The West Sichuan plateau 
( including the Longmenshan fault zone ) displayed a 
rapid uplift rate of 2. 5-5.8 mm/ a, equivalent to a 
gravity change of -0. 8 - 1. 8 1'-Gal/ a, relative to the 
Sichuan basin, according to the 1970 - 2006 leveling 
observation data1191 . The results corresponded to the 
inherited uplift tectogenesis on the east edge of the 
Qinghai-Tibetan plateau since the late Cenozoic. The 
longtime observations of the vertical motion ( including 
short-term across-fault leveling observations) indicated 
that the regional vertical crust motion had a high ampli-
tude and had fluctuated dramatically over a short peri-
od, despite the discrepant observation accuracies at va-
rious observation stages[20 '351 • For example, a dramatic 
uplift was observed during 1983 - 1990 in the Ganzi, 
Lubuo and Xiaojin regions of the northwestern Sichuan 
Plateau, with a maximum rate of 12 mrnl a. However, 
a great fall occurred in the region between 1990 and 
1997, with a maximum rate of -13 mm/a, equivalent 
to a gravity change of -4.0-3.7 ..,Gal. In summary, 
the now-vertical crust motion is extremely complex be-
cause of the interior and external dynamics of the 
Earth, including block motion , large earthquakes , ab-
lation, and isostatic gravity effects. The vertical crust 
motion therefore matches the uplift tectogenesis at some 
times but not at other times. 
The uplift rate of the Longmenshan fault zone and 
west plateau was generally about 2 - 3 mm/ a, far high-
er than the approximately 1. 0 mm/ a horizontal intru-
sion rate of the entire Longmenshan fault zone. The 
Wenchuan Ms8. 0 earthquake just struck the high gra-
dient zone with vertical deformation in the Longmen 
Mountain region and nearby areas[ 19 •361 , corresponding 
to the gravity change gradient zone before the earth-
quake. Meanwhile, 10-year GPS observations before 
the earthquake showed that the Ganzi -Songpan block 
was locked with high strength , with a limited crust 
shortening rate of .;;3 mm/ a in the Longmenshan 
nappe belt , in agreement with the results of quaternary 
geology research 1'·"l. Related GPS observations dem-
onstrated that the crustal matter accumulated slowly, 
producing both a gross mass increase and ground 
uplift. 
Taken together, the observations revealed that the 
influence of vertical ground motion on the gronnd gravi-
ty was typically less than 2. 0 1'-Gal/ a and was never 
greater than 4. 0 ..,Gal/ a. The difference in the gravity 
changes during the 2 - 3 years affected by the vertical 
motion was generally measured through observations , 
and the influence of ground deformation on the gravity 
changes fell within the error of those observations. The 
GPS observations indicated that the south-southeast 
movement dominated in the west Sichuan-Yunnan 
area [J7] , and that the ground gravity changes were af-
fected primarily by the density changes in the interior 
crust. The large anomalous gravity changes presented 
in figure 2 and figure 3 represent the density change 
effect and movement of the interior crust. The marked 
negative changes at the location of the northeast epi-
center before the W enchuan earthquake ( Fig. 2 and 
Fig. 3) displayed both a decrease in nndergronnd den-
sity and ground uplift. The distinct positive gravity 
changes at the location of the southwest epicenter indi-
cated that the increase in the undergronnd density was 
more important than the ground uplift. 
3. 3 Tectonic movement and dynamic gravity 
changes 
The eastward movement of matter in the Qinghai-Ti-
betan Plateau in the study region can be divided into 
two branch motions , based on more than 20 years of 
recent GPS observations of the horizontal move-
ment[32'37'381. One branch is continually moving east-
ward through the Songpan-Ganzi block but is obstruc-
ted by the Sichuan basin. The other moves southeast-
ward along the rhomboidal Sichuan-Yunnan block. The 
dynamic gravity changes indicate that the eastward ma-
terial of the Qinghai-Tibetan plateau primarily moves 
southeastward along the rhomboidal Sichuan-Yunnan 
block , and also moves eastward to conflow and uplift in 
the Songpan-Ganzi block; the latter result was particu-
larly supported by the dynamic gravity changes before 
and after the 2001 west Kunlun Mountain Ms8. 1 earth-
quake. Figure 2 clearly illustrates the effect of the 
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eastern material on the Qinghai-Tibetan plateau , which 
produced dramatic fluctuations owing to the preparation 
and adjustment of large earthquakes. For example, the 
2000 - 2002 gravity changes demonstrated that the 
eastward flow of matter ran through the Songpan-Ganzi 
block and extended to the Sichuan basin despite the 
southeastward torsion by obstruction. Furthermore, the 
accumulated gravity changes occurring since 2005 
( Fig. 3 ) near the Xianshuihe-Anninghe fault zone may 
indicate that the eastward-flowing matter moved south-
eastward along an arc-like trajectory owing to obstruc-
tion (corresponding to the leftward rotation on the east-
em border of the rhombus Sichuan-Ynnnan block). 
The dynamic gravity changes also indicated a clear 
southeastward horizontal movement, and supported the 
hypothesis that the eastward-moving Songpan-Ganzi 
block was uplifted by intrusion. 
Based on geology and long-term crustal movements, 
the Longriba fault zone and Longmenshan nappe belt 
absorbed and transferred most of the present conver-
gence between the South China block and Bayankala 
block, which moved south -southeastward at a rate of 
7 - 8 mm/ a [Z]. However, negative gravity dominates 
this region according to the recent dynamic gravity 
change data, indicating that the present convergence is 
absorbed little by the Songpan -Ganzi block between the 
Longriba fault zone and Longmenshan nappe belt. That 
is , most of the convergence was dispersed , absorbed, 
and transferred by the standing southeastward move-
ment of the rhomboidal Sichuan-Ynnnan block. 
Several favorable conditions in the Wenchuan region 
facilitated the development of the thrust nappe structure 
based on the deep tectonic dynamics[" -3ll. The gravi-
ty changes ( negative in the northeast and positive in 
the southwest, bordered by the interface normal to the 
Longmenshan fault zone across the epicenter) in the 
Sichuan basin and Songpan-Ganzi block before the 
Wenchuan earthquake indicated that the undergronnd 
matter in the northeast was expanding, outflowing, and 
upwarping and that the underground material in the 
southwest was contracting and inflowing, which was 
conducive to the formation of the thrust nappe shear. 
This undergronnd flow pattern was the physical mecha-
nism responsible for the Wenchuan earthquake prepa-
ration. Meanwhile, the constant negative gravity chan-
ges in the Songpan -Ganzi block before the Wenchuan 
earthquake may have resulted from the uplift of deep 
medium (such as the upper mantle) , a local tempera-
ture increase, or matter expansion, which may have fa-
cilitated the development of the thrust motion , nappe 
motion, and triggering of large earthquakes. However, 
there is a need for further investigation of the negative 
gravity changes in the Sichuan Basin. Furthermore , 
the gravity changes near the Longmenshan fault zone 
served as characteristics for differentiation, which indi-
cated the obstruction of the Sichuan Basin to the West 
Sichuan plateau. 
Figure 2 shows that the regional gravity changes al-
ternately increased and decreased over the 2 - 3 year 
observation period, indicating the " rebound " of the 
material in the region. If the earth is elastic , then the 
crustal movement reverses when a balancing force is 
encountered along any given direction. The gravity 
change in the middle of the region (e. g. , Maerkang) , 
for example, displays this feature. 
In summary, regional gravity changes were also af-
fected by vast tectonic motion and controlled clearly by 
the eastward motion of material of the Qinghai-Tibetan 
plateau. The regional movement of the crustal material 
reflects not only the shallow ground motions but also re-
presents the migratory changes within the deep crustal 
matter. The gravity changes were affected not ouly by 
inherited tectonic dynamics but also by non-inherited 
tectonic dynamics , such as earthquakes. The differ-
ences in the tectonic dynamics of the various regions 
produced a complex pattern of gravity changes. GPS, 
gravity , and leveling data must therefore be combined 
with numerical simulations to elucidate the actual crus-
tal motion occurring in the study region. 
3. 4 Relation of the time features of the gravity 
changes to large earthquakes 
In this section, we focus on the gravity changes over 
time near the southwest epicenter, hanging wall of the 
hypocenter fracture ( Ganzi -Songpan block ) and its 
footwall ( Sichuan basin) in relation to the hypocenter 
properties and gravity space distribution ( Fig. 3 ) . 
Figure 4 displays the time distribution of the maximum 
gravity changes in the southwest epicenter, hanging 
wall of the hypocenter fracture and its footwall, and 
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the epicenter. The gravity changes in the various re-
gions clearly display different properties. The gravity 
field near the southwest of epicenter was monotonically 
increasing , and positive changes had dominated the 
gravity field since 2000 at this location, with a maxi-
mum change of + 60 ~Gal before the W enchuan 
earthquake. The small positive and negative changes 
at the epicenter were constantly alternating, with an 
approximately - 40 ~Gal co-seismic change and dis-
playing a recovery pattern after the earthquake. The 
changes in the hanging wall of the hypocenter fracture 
were nearly synchronized with those in the footwall of 
the hypocenter fracture. Between 2000 and 2007, the 
gravity changes decreased monotonically, with a maxi-
mum drop of approximately 100 ~Gal for the hanging 
wall and 160 ~Gal for the footwall. The maximum 
changes for the hanging wall and footwall during the 
earthquake were approximately - 80 ~Gal and 
- 60 ~Gal, respectively. The changes clearly in-
creased and then recovered after the earthquake. The 
gravity changes in the epicenter area remained rela-
tively stable between 2002 and 2007 , but the gravity 
difference between the fracture and southwest epicen-
ter increased gradually , with a maximum difference of 
over 200 ~Gal, indicating that the formation and de-
velopment of the positive-negative gradient belt in the 
epicenter region is the primary reason for the occur-
rence of the large earthquake. 
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Figure 4 Accumulated gravity changes over time before 
and after the W enchuan earthquake ( units: j!.Gal) : 
1. southwest epicenter; 2. epicenter ; 3. Ganzi-Songpan 
region; 4. Sichuan basin 
The monotonic increase or positive gravity changes in 
the southwest epicenter region indicate that the central-
izing deformation of the regional crustal matter and en-
ergy accumulation in the local medium produced the 
observed earthquake preparation pattern of accelerated 
increase-decelerated increase-earthquake occurrence. 
The absolute gravity observations in Pixian show that 
the gravity increased monotonically since 2002 , at a 
rate of approximately 4. 9 ~Gall a [391 . The increased 
gravity change were greater before 2004 , and were 
smaller subsequently , through a process of increase-ac-
celerated increase-decelerated increase-normal m-
crease-earthquake occurrence. This pattern corre-
sponds closely with that of the Tangshan earth-
quake [121. In summary, the dynamic gravity changes 
reflect the energy accumulation process that occurred 
during the Wenchuan earthquake preparation, namely 
accelerated increase-decelerated increase-remaining 
stable-earthquake occurrence. 
3. 5 The mechanism of large earthquake prepara-
tion 
Earthquakes occur in the deep crust, resulting from the 
shear fracture action induced by the accumulation of 
sufficient stress and strain energy. Consequently, the 
occurrence of an earthquake must be preceded by two 
physical conditions : energy accumulation and fracture 
action. 
In the analysis above, the most meaningful indica-
tors of the gravity changes before the earthquake are 
several years of uninterrupted positive changes in the 
vast southwest epicenter, the large gradient belt of 
gravity changes in the epicenter corresponding to the 
co-seismic rupture motion , and the prominent negative 
gravity changes near the co-seismic rupture zones. The 
monotonic increase or positive gravity change in wide 
area can indicate a convergence and increase of under-
ground matter, facilitating an accumulation of energy 
for earthquake preparation. A large gradient zone of 
gravity changes , especially in the transition zone be-
tween increasing and decreasing changes, always indi-
cates the maximum discrepancy in the motion of the 
underground matter. The transition region between 
matter expansion ( decreasing density ) and matter con-
traction ( increasing density) , signifying a weak region 
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of the potential hypocenter, always suffers breakage 
first under the shear stress formed by the ambient stress 
imbalance. The prominent negative gravity changes in 
the co-seismic fault zone indicate the expansion and 
uplift of underground matter, further supporting the di-
latancy model for earthquake preparation 1121 • The dif-
ferentiated negative changes on the two sides of the 
Longmenshan fault zone demonstrate the division , ob-
struction , and control of the fault zone by the regional 
crust motion. 
4 Conclusions 
In summary, regional large-scale dynamic gravity chan-
ges occurring before and after earthquakes ( 1998 -
2008) contain ioformation related to the earthquake 
preparation , although the validity of the gravity obser-
vations and resolution of deep crust formation processes 
are limited by such factors as the measurement distri-
bution and repetition interval and variation in the local 
surroundings near measurement points. The dynamic 
gravity changes reflect the complex space and time 
characteristics of the gravity field, which are dominated 
by the thrust fracture, small right-lateral strike-slip 
fracture ( single side fracture ) and nappe structure. 
The main conclusions are as follows : 
1 ) The 1998 - 2008 regional dynamic gravity chan-
ges may reflect basic information related to crustal 
movements and, in particular, the movement of the 
Longmenshan nappe structure. The dynamic gravity 
changes in the region can provide clues regarding the 
preparation mechanism of the Wenchuan earthquake. 
2 ) The most prominent gravity indicators of the 
Wenchuan Ms8. 0 earthquake preparation were the pos-
itive gravity changes occurring in the southwest epicen-
ter, which lasted for approximately five years , the vast 
gradient belt of small gravity changes approximately off-
trend to the strike of causative fault or parallel to the 
direction of movement of causative fault ( lasting for ap-
proximately three years) , and the prominent negative 
gravity changes in the northeast epicenter. The long 
duration ( many years) of the positive gravity changes 
is conducive to the accumulation of earthquake energy. 
The maximum gravity difference between the two sides 
of the gradient belt with low gravity changes was more 
than 200 ...,cat , which is conducive to the development 
of the nappe-dominant fracture. The large negative 
gravity changes appeared to support the dilatancy 
mechanism, namely matter uplift, temperature in-
crease , and matter expansion. 
3 ) The dynamic gravity changes demonstrated that 
the Wenchuan earthquake preparation conformed to 
readily apparent stage features and an evolution rule. 
The gravity change images that have been acquired 
since 2005 indicate that the earthquake preparation oc-
curred in a break-out fashion. The gravity changes re-
lated to the energy accumulation for earthquake prepa-
ration followed a pattern of accelerated increase-decel-
erated increase-earthquake occurrence , roughly corre-
sponding to the Pixian absolute gravity changes with 
time 1391 • The gravity changes reflected basic informa-
tion on the energy transfer processes during the Wen-
chuan earthquake preparation - accelerated accumula-
tion-decelerated accumulation-earthquake occwrence-
which resembles the pattern reported for the Tangshan 
earthquake preparation1121 • 
4) The 2001 west Kunlun Mountain Ms8. 1 earth-
quake and post-seiamic adjustment dramatically affect-
ed the gravity changes. The 2000 - 2002 large positive 
gravity changes may indicate that post-seismic effects of 
the Kunlun Mountain Ms8. 1 earthquake reinforced the 
eastward flow of material in the Qinghai-Tibetan plat-
eau and played an important role in developing the re-
gional crust motion and Wenchuan earthquake prepara-
tion. 
Investigation of the dynamic gravity changes before 
and after the Wencbuan Ms8. 0 earthquake may be 
useful in clarifying the regional crust motion and earth-
quake preparation. This exercise may provide a refer-
ence casefor forecasting future earthquakes stronger 
than Ms7. 0 in the medium and long term. 
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